The prevalence of Mycobacterium avium ssp. paratuberculosis (Mptb) in culled dairy cattle in Eastern Canada and Maine was determined to be 16.1% (95% confidence interval 13.8 to 18.3%) based on a systematic random sample of abattoir cattle. Mesenteric lymph nodes and ileum from 984 cows were examined by histologic and bacteriologic methods. Histological testing was far less sensitive than bacteriologic methods for detecting infected cattle. A seasonal pattern of positive cows was also detected, with the highest proportion of cows being Mptb-positive in June (42.5%). Overall, body condition score was not associated with prevalence of Mptb isolation.
INTRODUCTION
Mycobacterium avium ssp. paratuberculosis (Mptb) is the bacterium that causes Johne's disease, a chronic wasting disease of ruminants associated with infection of the animal's gastrointestinal tract. The effect this infection has on health and productivity has been studied; one estimate of cost for Johne's positive herds that had 10% of cull cows with clinical signs was over US$200 per cow (Ott et al., 1999) . In another study within the region this study was performed, using serologic data and partial-budget modeling the annual cost for an average, infected, 50 cow herd was CDN$2472 (Chi et al., 2002) . Although strategies exist in many places to control this disease, it still continues to affect the health and productivity of cattle worldwide.
Before a control and prevention program for Johne's diseases can be designed, both herd and cow-level prevalence of Mptb-infection should be known. Several regional and national surveys have been conducted to estimate the prevalence of Mptb-infection. However, different methods were used to estimate the prevalence of Mptb-infection including: 1) serological testing; 2) bacteriological culture of fecal samples; 3) bacteriological culture of tissue samples from slaughterhouses; and 4) PCR on tissue, blood, or bulk milk. Moreover, sampling strategies differed among the studies. Thus, it is difficult to directly compare the results of different studies. During the early 1990s, the herd-level prevalence of Johne's disease in countries with a significant dairy industry had been calculated to be approximately 10% (Sockett, 1996) . However, recently, in Belgium (Boelaert et al., 2000) , The Netherlands (Muskens et al., 2000) , Denmark , Canada ( VanLeeuwen et al., 2001) , and the United States (Wells and Wagner, 2000) herd-level prevalence has been estimated to be 30 to 50%, based on an observed increased frequency of clinical disease, occurrence of Johne's disease in areas where the disease was formerly unknown, and serological prevalence studies. Due to the relatively low sensitivity of serological tests, they are more accurate at determining herd-level rather than cow-level prevalence. Serologic studies performed to determine cow-level prevalence have indicated a prevalence between 1.2 and 8.8% (Boelaert et al., 2000; Jakobsen et al., 2000; Muskens et al., 2000) .
In comparing different studies involving prevalence of disease, part of the difficulties arise from variation in the definition of what constitutes a positive case. In some cases, positive serologic result is the case definition and in others, such as this study, a positive result is presence of bacteria. A previous study done in Atlantic Canada using serologic testing of dairy cows reported a cow-level prevalence of 2.6%, with an estimated true herd-level prevalence of 30% (VanLeeuwen et al., 2001 ). This study used ELISA for classification of cow status on a stratified (cows, farms) random sample. The ELISA test was assumed to have a sensitivity of 45.5% (Collins and Sockett, 1993) , but more recent work has estimated the sensitivity to be closer to 15.4% in low fecal shedders (1 to 10 cfu to 88.1% in high fecal shedders (>100 cfu) (Dargatz et al., 2001) .
Most estimates of ELISA performance are based on culture methods as the comparison gold standard (most often being fecal culture). The relationship between fecal culture sensitivity and ELISA sensitivity depends highly on the stage of the disease in an individual animal. In the earlier stages of disease, there is a lower sensitivity for both methods . However, tissue culture in comparison with repeated fecal culture reveals that animals that are fecal culture negative may actually be tissue culture positive, therefore resulting in a higher sensitivity for tissue culture (Pavlik et al., 2000) .
Body condition scores of cattle are believed to be linked to the prevalence of Mptb because clinical Johne's disease results in an emaciated, debilitated cow with diarrhea. This has been demonstrated in Australian sheep. Animals with low BCS (<2 out of 5) had a Mptb-prevalence of 51.5% compared with the sheep with a higher BCS (2 to 4 out of 5), where the prevalence was only 19.3% (Hope et al., 2000) . Additionally, BCS in sheep has an affect on serologic test sensitivity. In evaluating test sensitivity in sheep, animals with lower BCS (≤2) resulted in test sensitivity of 53%, and sheep with a BCS ≥ 3 resulted in a calculated test sensitivity of 16% (Sergeant et al., 2003) . Therefore, interpreting BCS and prevalence becomes difficult due to the effects of changes in sensitivity. The apparent link of BCS and prevalence could be due to its effects on sensitivity or an association between BCS and stage of infection. In either case, an association between BCS and infections could be used to select cows for laboratory diagnosis of Mptb. No data on the association between Mptbinfection and BCS in the bovine are currently available.
The goals of this study were 1) to estimate slaughtered cow-level prevalence of Mptb in Atlantic Canada and the US state, Maine and 2) to study the association between BCS and prevalence of infection with Mptb. Testing for Mptb usually consists of serology (ELISA), culture (fecal or tissue), or use of DNA detection methods such as PCR techniques. In this study, a culture of infected tissues was used to determine infection with Mptb because its sensitivity may be greater than that of a fecal culture, as some repeatedly fecal-culture negative animals will be tissue positive (Pavlik et al., 2000 
MATERIALS AND METHODS

Sample Population
For the period from January to October 2001, excluding April and May, during which a labor dispute at the slaughterhouse halted collection of samples, a weekly visit was made to a local slaughterhouse for the dairy cow-processing day. The slaughterhouse was located in Moncton, New Brunswick, and slaughtered cows were primarily from the 4 Atlantic Canadian Provinces: New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland. Additionally, this slaughterhouse occasionally processed animals purchased from buyers located in the US state, Maine. These animals were identified as American cattle for accurate data analysis.
The sample size required was estimated using seroprevalence data from a previous study done in the area, which resulted in a cow-level apparent prevalence of 2.6% (VanLeeuwen et al., 2001) , with a 95% level of confidence and a desired accuracy of the prevalence to be within 1% of the true value. This yielded a number of 973 cows needed for the study (Win Episcope 2.0). Animals that were not of dairy breeds were not included in the study. In addition, to ensure that cows were all at least 20 mo old, animals that did not appear to have udder development consistent with previous lactation were excluded. Sampling was conducted using a systematic random sample, in which every third slaughtered cow was selected. Slaughterhouse staff were the only individuals who had any control over the order and grouping of cows that entered the production line. Using this methodology, 984 cows were sampled over the 10-mo period. Holstein-Friesian was the predominant breed, making up 961 of the 984 cows.
Sample Collection
Three people were involved with sample collection. As animals entered the kill line, the first person recorded the cow's BCS on a 5-point scale with one-quarter point divisions (Ferguson et al., 1994) . The same individual recorded breed and BCS on every visit to the slaughterhouse in an attempt to avoid interperson variation between visits. For consistency, all assessments of body condition were performed immediately after the cow was stunned and hanged, because this was often the first time the scorer would see the animal.
Upon exsanguination, a free catch blood sample of approximately 80 mL was obtained. The animal was then identified with numbered colored tags to track the carcass to the evisceration area. At the evisceration table, a second person identified the gastrointestinal tract of each study animal with a separate tag containing a unique numeric identifier. At a subsequent station, a third person collected at least 2 lymph nodes in the mesenteric chain in the region of the ileum, with focused efforts to retrieve the lymph node in the ileocecal region, similar to methods described by Benedictus and Bosma (1985) . Additionally, a 5-to 10-cm segment of terminal ileum was removed approximately 25 cm proximal to the ileo-cecal junction. Samples were placed in individual containers labeled with the numeric identifier for each animal and transported fresh in a cooler with ice packs to the Atlantic Veterinary College.
After returning from the slaughterhouse, samples were processed for storage within 8 h of collection. From each sample of ileum and lymph node, a section was preserved in 10% neutral buffered formalin, and the remainder was frozen at −80°C. Physical characteristics of the samples were recorded, indicating whether there was gross thickening of the ileum, loose feces, or enlarged lymph nodes.
Histological Preparation
After formalin fixation, samples were trimmed and embedded in paraffin wax. They were subsequently sectioned and Ziehl-Neelsen staining was performed (Murray, 1999) . All histopathological examinations were performed by a board-certified pathologist (American College of Veterinary Pathology) at the Atlantic Veterinary College Diagnostic Services (Charlottetown, PEI, Canada). The examination was to search for lesions similar to those described by Buergelt et al. (1978) .
Culture Technique
For each cow, the collected lymph nodes were pooled together to comprise one culture sample, and the ileum was identically processed for a second cultured sample. Tissue sample processing for culture was done using a protocol developed by researchers in Pennsylvania (Wells et al., 2002) . Briefly, samples were thawed and a 2-g piece of sample was weighed out on an individual disposable weigh boat to decrease the risk of crosscontamination. Each sample was then placed in a Tekmar bag along with 25 mL of 0.75% hexadecylpyridinium chloride solution for decontamination. The sample was placed in a stomacher for a minimum of 1 min to pulverize the sample. Subsequently, each sample was left undisturbed for 30 min to allow fat and large pieces of tissue to separate out while being bathed in the hexadecylpyridinium chloride decontamination solution. A 10-mL sample of the pulverized fluid was Journal of Dairy Science Vol. 87, No. 11, 2004 transferred into another sterile tube containing a further 10 mL of hexadecylpyridinium chloride solution, used for the second decontamination stage in the procedure. After a minimum of 3 h in the second decontamination stage, samples were centrifuged at 900 × g for 30 min. The supernatant was discarded, and the pellet was resuspended with a combined half strength brain heart infusion broth that contained 0.1% nalidixic acid, 0.1% vancomycin, and 0.05% amphotericin B. This mixture was vortexed and placed into sterile cryogenic tubes to be incubated for 12 to 14 h at 37°C to allow for Mptb growth and to allow an opportunity for the antimicrobials to more effectively decrease levels of background contaminants. After the incubation phase, the tubes were slowly cooled and then refrozen at −80°C.
The frozen, processed culture mixture was sent to the Wisconsin Veterinary Diagnostic Laboratory for culturing. At the Wisconsin laboratory, samples were thawed, and 1 mL from each of the 1968 tubes was inoculated into a VersaTREK broth solution media bottle (TREK Diagnostic Systems, Cleveland, OH), supplemented with egg yolk, antibiotics (0.1% nalidixic acid, 0.1% vancomycin, and 0.05% amphotericin B), and Mycobactin J (Allied Monitor Inc., Fayette, MO). The inoculated media were incubated for 6 wk at 37°C. After 6 wk of incubation, each bottle was examined for acid-fast bacteria. For this process, each bottle was vigorously shaken for a minimum of 60 s using a Mistral multimixer (Laboratory Line Instruments Inc., Melrose Park, IL). A sample (1 drop) from each bottle was placed on a microscope slide, with a total of 3 samples per slide. The slides were air-dried, then heat fixed, and an acid-fast staining process was performed on each slide (Murray, 1999) . Each slide was then examined at oilimmersion (100×) for the presence of acid-fast bacteria.
Every sample that was positive or suspicious for acidfast bacteria was subcultured onto 2 slants of Herrold's egg yolk (HEY) media (1 tube containing mycobactin and 1 tube without mycobactin). The HEY tubes were examined weekly for 6 wk. Isolates that grew well (10 colonies or more) on tubes that contained mycobactin (mycobactin dependent) and had minimal or no growth on the tubes that did not contain mycobactin were identified as Mptb. Isolates that grew well on both HEY slants or had fewer than 10 colonies on the slant containing mycobactin were tested by the PCR.
PCR Technique
For DNA extraction, lysis by the boiling method was used. Briefly, 1 or 2 bacterial colonies from each HEY slant were suspended in 100 μL of lysis buffer containing HPLC grade water with 1% Triton-X-100 (Fisher Scientific, Pittsburgh, PA), 1 mM EDTA, and 10 mM Tris-HCl (pH 8.0). This mixture was placed in a heat block (Fisher Scientific) and heated to 100°C for 30 min to lyse cells. Following centrifugation for 2 min at 13,000 × g in a microcentrifuge, the cell-free supernatant containing DNA was transferred to a fresh tube and used for PCR. The oligonucleotide primers used for the IS900 and F57 genetic elements have previously been described by Vary et al. (1990) and Poupart et al. (1993) . The forward primer designated IS900/150C and the reverse primer designated IS900/921 were used for IS900; the forward primer designated F57a and the reverse primer designated F57b were used for F57. The primer pair for IS900 results in the amplification of a 229-bp fragment, and the primer pair for F57 results in the amplification of 439-bp fragment, respectively.
Amplification reactions were performed in a total volume of 50 μL containing 10 mM Tris-HCl (pH 8.3); 1.5 mM MgCl 2 ; 50 mM KCl; 0.001% gelatin; 200μM of each deoxynucleoside triphosphate (dATP, dCTP, dGTP, dTTP); 1 μM of each primer; 1.25 U of Amplitaq (Applied Biosystems, Foster City, CA); and 5 μL of the boiled cell lysate for the monoplex PCR. The PCR assay was carried out in a Perkin-Elmer 2400 thermocycler (Perkin Elmer Corp., Norwalk, CT) comprising 5 min of preincubation at 94°C, followed by 35 cycles of 1 min at 94°C, 1 min at 54°C, and 1 min at 72°C. Final extension was performed for 7 min at 72°C. A single colony from a HEY culture positive slant was used as the DNA positive control. The negative control was a reaction mixture containing all reagents but no DNA template. The PCR products were visualized by electrophoresis on a 1% agarose gel following standard procedures. Bacterial isolates positive to both the F57 and IS900 genetic elements were classified as positive for Mptb. associations between prevalence of infection with both month and category of BCS (divided into 4 categories: < 2, 2 to 3, 3 to 4, and > 4) were evaluated using a χ 2 on a contingency table. A logistic regression was performed using the Mptb culture result as a dependent variable and BCS and place of origin as independent variables, with BCS categorized in the same 4 categories to avoid assumptions of linearity. Statistical significance was defined at P = 0.05. All data analysis was done using Stata 7.0 (Stata Corporation, College Station, TX).
Statistical Analysis
RESULTS
Overall prevalence of infection with Mptb was 16.1% (95% CI: 13.8 to 18.3%). In total, 8.5% of the cows had positive ileum cultures and 11.1% of the cows had positive lymph node cultures. There were 37 cultures that had positive slants without mycobactin that were confirmed positive by both IS900 and F57 PCR analysis. Only 3.5% of the cows were Mptb-positive at both sites (Table 1) . Prevalence of Mptb in the 832 Atlantic Canadian cows was 15.1% (95% CI: 12.7 to 17.5%). Prevalence of infection in the 152 cows originating from the US state, Maine was 21.7% (95% CI: 15.2 to 28.3%). The odds of a US cow being positive were 1.56 (P = 0.04) times greater than a cow from Canada, when controlled for BCS. There was no detected interaction between BCS and country of origin.
Analysis of the relationship between the physical characteristics of samples (gross thickening of the ileum, loose feces, or enlarged mesenteric lymph nodes) revealed that of the 984 cows, only 134 cows had physical attributes in one of these 3 categories. Of those 134 cows, only 27 (20.1%) cows were actually culturepositive and only 1 (0.7%) was histologically positive (Table 2 ). All 7 cows that were histologically indicative of Johne's disease were also Mptb-positive ( Table 2) .
The monthly proportion of Mptb-positive cows varied from 2.4 to 42.5%, with 82.4% of the positive cows identified during 3 of the 8 mo the samples were collected from the plant. The highest proportion of culture-positive cows was identified in February, March, and June ( Figure 1 ; χ 2 = 141.2, 7 df, P = 0.001). In June, prevalence of Mptb-positive cows was the highest at 42.5%. In all months but June, proportion of Mptb-isolation from lymph nodes was higher than from the ileum (χ 2 = 52.0, 1 df, P = 0.001). In June, 34.1% of the ileum samples were Mptb-positive, whereas only 21.2% of the lymph nodes were culture-positive (Figure 2 ).
Body Condition Score
The BCS for all cows in this study was normally distributed (Anderson-Darling Normality Test, P < 0.001). Therefore, although BCS is an ordinal scale, using averages is valid. Of the culture-positive cows, 73.0% had a BCS of ≥ 2.75, which is a relatively good conditioned dairy cow. Average BCS was 3.0 (95% CI: 3.0 to 3.1) for the Mptb-positive Canadian cows and 2.8 (95% CI: 2.7 to 2.9) for the Mptb-positive cows from Maine. The range of BCS for US cows was 1.5 to 4.25, with quartiles of Q1 = 2.25, median = 2.75, and Q3 = 3.25. The range of BCS for Canadian cows was 1.25 to 4.5, with quartiles of Q1 = 2.75, median = 3.0, and Q3 = 3.5.
Overall, average BCS was higher in the Canadian cows than in cows from Maine (P = 0.0003). Prevalence of Mptb-infection was not associated with low BCS (FigFigure 1 . Prevalence of Mycobacterium avium ssp. paratuberculosis in 984 cull dairy cattle by month sampled.
Journal of Dairy Science Vol. 87, No. 11, 2004 ure 3; χ 2 P = 0.33). Ileum was the more prevalent Mptbpositive site at lower BCS with a prevalence of 16.0% for cows with body condition of ≤2.5 compared with the prevalence of 8.9% for lymph nodes (Figure 4 ), but this was not statistically significant (P = 0.18).
DISCUSSION
The prevalence of Mptb found in this study of 16.1% is substantially higher than a previous estimated seroprevalence of 2.6% of randomly sampled cows from a serological study done 5 yr ago of the Atlantic provinces (VanLeeuwen et al., 2001) . It is unlikely that we would see such a dramatic rise in prevalence in a 4-yr period when dealing with a slow growing pathogen. These comparisons are apparent prevalences, not true prevalences. Likely, much of the difference in prevalence estimates between the 2 studies is due to an underestimation of the true prevalence based upon the low diagnostic sensitivity of the ELISA used by VanLeeuwen et al. (2001) . Culture of tissue is expected to be more sensitive, because of detection of earlier stages of infection than an ELISA, therefore the apparent prevalence will be closer to the true prevalence. The process of thawing and refreezing the samples may have caused the loss of viable organisms. The full magnitude of this loss is not known, but using data from losses accrued during freezing fecal samples, the number of organisms may be reduced by one-tenth (Richards, 1981) . Conclusions from this study were that it would not change the status of high and moderate shedders, but low shedders may appear as negative cows after 2 freeze-thaw cycles. The impact of this unavoidable need to freeze samples is that there may be cows in this study that are infected with low numbers of Mptb that resulted in negative cultures. This would result in biasing our prevalence estimate to be lower than what it truly was.
For some diseases, study of cows sampled at a slaughterhouse may not be representative of the general population. However, for Mptb, the estimate of the prevalence of infection derived from this sample is likely to be a very good estimate of the prevalence in the population of dairy cows for the following reasons. First, the slaughterhouse used in the study was one of only 2 federally inspected plants in the region. The other plant had a policy of not slaughtering dairy animals. As a result, the great majority of culled dairy cows from the region are killed at the study facility. Second, most Mptb-infections occur early in life (Larsen et al., 1975) and are presumably persistent throughout life since studies of repeated ELISA and fecal testing fail to indicate cows that self-cure (van Schaik et al., 2003) . As a result, the actual prevalence of infection within a birth cohort will remain relatively constant over life. Using less sensitive diagnostic methods (ELISA, fecal culture), which more readily identify late stage disease, may suggest a higher prevalence in certain age groups. Using more sensitive techniques, and limiting the population under study to animals that had calved at least once (>2 yr of age), allows the study to closely approximate the true disease prevalence. Finally, Johne's disease appears to have relatively little effect in terms of causing premature culling (Tiwari et al., 2003) . However, even if it did cause premature culling, the estimate of the prevalence of infection would only be affected if the incidence of new infections was rapidly increasing (or decreasing) across birth cohorts. In the absence of a specific control program in the region, it is unlikely that the incidence is rapidly decreasing, and there is no reason to believe the region is experiencing a rapid rise in the incidence of new infections. Consequently, the estimate of the prevalence derived from this slaughterhouse study is likely to be a good estimate of the prevalence of infection in the dairy cow population in the region.
Unfortunately, there was no cattle identification and registration system in place at the time of data collection that would have facilitated tracing each infected animal to its herd of origin. For this reason, no estimate of herd-level prevalence could be made. Such information might have proven to be quite valuable for future monitoring of disease distribution and potentially identifying concentrations of diseased animals within highly infected herds.
Historically, the isolation of a slow growing acid-fast positive bacillus from a cow that required exogenous mycobactin for growth was sufficient to identify a culture isolate as Mptb (Chiodini et al., 1984) . However, in this study, 37 of the 158 culture positives (23.4%) failed to demonstrate mycobactin dependence but were positive based on 2 PCR tests. This was probably due to intracellular stores of mycobactin from the TREK media that enabled growth of the organism on HEY slants that did not contain mycobactin. This hypothesis was later validated by subculturing acid fast colonies from the 37 questionable HEY tubes without mycobactin onto HEY slants with and without mycobactin and demonstrating subsequent mycobactin dependence. This observation demonstrated that PCR was superior to subculturing onto HEY slants for identifying Mptb from acid-fast positive broth media cultures.
Because reports by Englund et al. (2002) and Cousins et al. (1999) suggest that IS900 may not be 100% specific for Mptb, we elected to also test the questionable samples for the F57 gene product, as well as the IS900. F57 has been shown to be 100% specific for Mptb (Poupart et al., 1993; Coetsier et al., 2000) . All 37 positive IS900 samples were also positive for F57.
Common dogma among farmers with respect to Mptb is that infected cows are more likely to be thin and in poor body condition. Animals infected with Mptb that are in the latter stages of disease are expected to be in poor body condition due to the onset of clinical signs, but that change may be gradual (Whitlock, 1996) . Although early disease stage animals would not be expected to have dramatic weight loss, on the continuum of disease, from early to later stages represented in this large sample, some association between BCS and infection status could be anticipated. In our study, there was no association between BCS and infection status, with the majority of the culture-positive cows being in good condition. In fact, 73% of positive cows had a BCS of ≥ 2.75, which is a favorable score for a lactating Holstein-Friesian cow. However, we do not have data on the stage of lactation of these cows. Unfortunately, there also is no available data to confirm whether these animals were fecal shedders, which might indicate the stage of infection. Due to the fact that only 7 of the 160 culture positive animals had histological evidence of infection, the argument could be made that the other 153 animals were in an early stage of the disease and had not reached a level of infection that would result in poor condition. Based upon findings from this study, BCS at slaughter is not a valid method to help find cows with Mptb. This study confirms that although cows may seem to be healthy and in good body condition, they may be carrying Mptb and are undetectable as affected cows.
The finding of higher prevalence within the spring season was unexpected and difficult to explain. Cetinkaya et al. (1996) found a similar trend in the spring compared with the fall, but the difference was not significant. A high proportion of positive samples were collected in June, with a cluster of Mptb-positive cows on the third sampling day in June. It could be possible that a herd with a high prevalence of Johne's had just gone through a dispersal and an extraordinary number of positive animals arrived at slaughter the same day. It is unlikely that this high number of positives on a single day was a contamination issue because the same procedure was used throughout sampling. Also, sample preparation was done on 2 different occasions so that samples of ileums and lymph nodes were never handled Journal of Dairy Science Vol. 87, No. 11, 2004 on the same day. No 1 d of sample processing had a disproportionately high number of positives.
Peculiarly, in every month, a higher proportion of lymph nodes than ileum were Mptb-positive, except for the month of June, where the proportion of ileum-positive samples peaked. The higher proportion of Mptbpositive ileum samples in June could be due to cows being on pasture for approximately 1 mo (a common practice in Atlantic Canada) and being exposed to higher numbers of Mptb microbes and a possible pass through the gastro-intestinal tract effect. This may be due to cow exposure or simple increased stress during changing of feeding practices and environment, which could induce progress of the disease and shedding of Mptb. Although it is impossible to determine whether this is plausible from this study, further investigation may be warranted to better describe this seasonal finding.
The high prevalence of Mptb-infection in slaughter cows found in this study illustrates the need for Johne's disease control program initiatives to be established within this region. Other regions would likely find a similar prevalence if a tissue culture strategy were used.
